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(54)*I»* WHISKER REINTORCED CSRAMIC CUTITW TQ0£- AND COMPOSITION TOBSEOF 

A ceramic mmposMpei pHodueed hy tiks craigd&iation of a bksui of Start tfig eowg^nents. The campasftkBZ ccmpsisss 8 mj&zbz with 
orc or saoE? ©£ tfie caatoMfis^ oiirks&s and c&tfKHsferifcl&s of te&iism, molyfedeamu, xijcsw- 1 ^- $Hii6aiwEB&» luQlannit, vaoidinin, tsmgafsix aod 
txtaraum, and solid solutions th&fltof in m amoimt is greater then SO volume psroat af lbs uf^is. Ths mirix ccs^dsss b^w^sa 60 
and 99-8 volume pcKeent of £ft& composition. Ceramic whlsfcsra are untftnmly dispszsed Bfecaugfrnufc saairui wh&sin ito ceramic wbtefeero 
cmnpm&& between 0,2 and 40 vokme peicwjt of tibe compq^ltkmL 
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judo c&MBCMKnnxw s?ot®i§op 

BACKCROmB OF TUB IKVEKTlOty 

Tli® presents invention pertains to a ceramic 
5 cutting tool, and a composition thereof, that 1ms 

whisker reinforcement. More specif ically, the invention 
pertains to a ceramic cutting tool , and a exposition 
thereof, that has ceratssic whis&er reinforcement therein 
at least 50 volme percent of the cer&asic matrix 

10 comprises a carbide, nitride and/or c&rbonitride of 

titanium, hafnium, molybdenum, zirconium, tantalum, 
niobium, vanadiizm and/or tungsten* 

In the past, th<ssre have been ceramic bodies 
with wlti®k@r rei^fore^iant suoh. as that disclosed in 

IS UpS* Patent Mo. 4 # 543 ,345 to Wei, Th© W&i Patent 

discloses an alumina matrix with silicon carbide 
whisker reinforcement, a boron carbide matrix: with 
silicon carbide %*hisk©rs f smd a mill lite matrix with 
silicon carbida whiskers * According to the Wei patent, 

20 the incorporation of silicon carbide whiskers increased 
the fraetasre toughness of the substrate, 

Japanese Publication Mo- to ¥amagawa 

et al* pertains to at ceramic cosaposita that comprises 
aliawina as its main cow^onent- *Phe balance comprises 

25 between 5 to 40 weight Tic ®nd 2 to 40 weight percent 

silicon c&rbide whiskers* Th© cosafoined aiaotint of 
titanium carbide and silicon carbides whiskers cannot 
exceed 50 weight percent, i.a- , it: is 50 weight percent 
or l^sss, This document also mentions that there can be 

30 Bp to 10 weight percent of an oxide*, carbide or nitride 
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of aluminum, silicon and the Gronp XVa, Va and VXa 
elements* 

tF*S, Patent Ho* 4,507,224 to Toibana et ml* 
^stakes general ref«r«*nce to certain nitrides ajsd 
5 carbides as suitable aiatrix; s&aterial f alemg with 

electroconductive powder, for sic fiber reinforcement • 
The Sic fibers are present in an amoimt between 5 and 
50 weight percent* $?he *224 patent wakes specific 
reference -to aiatrioes of silicon nitride, alusairaam 

10 nitride, boron nitride, silicon carbide, boron carbide, 
and titaniums carbide* The *224 Patent recites examples 
that tise aliamiria, zircoriiraa oxide, silicon nitride 21s 
Matrices along with silicon carbide fibers. The focsns 
of the 6 224 Patent is cm a c&rasaic article suitable far 

IS electric discharge nacfeinixtg. in this regard* the 

specification states that the electrical resistance of 
the substrate must not exceed 10 ohm-am 

The publication "Fiber Reinforced Ceramics s A 
Bersriew and Assessment of their Potential" by iqpochnal 

20 (at pages 9 through 16) mentions ceramics (with fiber 

rainf orcement) Having a HfC or ZvC isatrix- The 
filaments include tungsten, :molyhdemuiL r tantalum, 
boron, carbon, silicon carbide, boron carbide, an<3 
alttsiina. 

25 There Have also been ceramic cutting tools 

with whisker reinforceiaent . Xn this regards tl*£. Patent 
No* 4 , ?8&,277 to i^odess et al„ discloses the use of 
ceraiaic whiskers {the content range® from 2 volume 
percent to 40 volua&e percent} such as altmina, aluminum 

30 nitride, beryllia, boron carbide r graphite, silicon 

carbide (preferably) , and silicon nitride in a ceramic 
matrix « The cerasaic matrix is preferably alumina, but 
include alumina "doped** with tap to 30% sirconia, 
ftafnia and titanium carbide. The alumina x-esaain^ the 

35 dominant component of the matrix. 

FCT\U& S6\O0S2S Patent Application to Bhodss 
et al. entitled HIGH DENSITY HEXHFOHOTP cm&ISXC BODIES 
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AHD HECTOB OF HMCX1VG B&ME has as its focus the 
pres&roreless sintering of wblskar-reinf arced cer&talc 
bodies- This document mentions a whisker content of 
between 0.5 &&d 21 voIun percent- jsjpeclfic 
5 eatables -teach the ujse of an alumina ra&triac with. SiC 

whisker contenta from 6.1 voliame percent to 29,2 volisma 

u-s. Patent No. $, 059,564 to liehrotra efc a.!. 

for an CJLRBXDE-S XLXC02I C&SBI0E 

10 C0MPOSXTX0K pertains to an al*imiim-foased matrix 

containing a dispersion of ^iC nrhis*ker£ and a TiC 
phase. The SiC whiskers comprise 1.0 to less* than 30 
vQluse percent with the mosst preferred range being 2*5 
to 20 wlmxte percent* The Tie coispriees 5 to 40 volua^a 
IS percent, and preferably, with tsp to 3 voliame p&rcent of 
a sintering aid reside* 

U.S. Patent Mo* 5,427,907 to Meferotra et al. 

for a gboof rra bokxbe bused otttxng tools fob 
hachxnxng ghsdot vxb B&SED mTEEX&kS concerns gireos*it» 

20 boritie, h&fniiaSB boride and ©special ly titasiimn boridte 

eatting tool©. The addition of w and co to €he feocride 
powder improves the densificatien of the coa^ositiosi* 
The 13&9 Air Force Report by mitney efc al* 
mentions the use of a generally high content of 

25 particle reinforcement in £rir and HfK Matrices for use 

ass cutting tools. In this 19€9 Report there in no 
suggestion that whiskers could reinf©r<se these 
Matrices* 

II. Patent Ho- 5,231,0-60 to Brandt: teacfeess 
30 using whiskers of the nitride, carbides and fooridess of 

Ti r Zr, Bf r V, Hb or Ta to reinforce an oxide-imsed 
matrix ©«ch as alumina for use as a cutting tool. 

U.S* Patent Mo- 5 f 439,854 to Suzuki et al- 
pertains to a cutting tool that contains 40 weight 
35 percent or mar& of Tic, and 5 fc© 40 weight percent of 
silioan carbide vhis&ers (of a length equal to 20 
micrometers or less). The cutting tool may also contain 
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up to 40 weight percent alumina, a© well as sinter ing 
aids. U|» to 40 weight percent of the Tic may be 
substituted by Ti or a Ti-ba^s&d eosapound E*uch a 
nitride, boride, or oxide. 
5 Table x set forth below presents certain 

physical properties of &©me prior art com&erei&l 
cutting tools. 

Table X 

Selected Physical Properties of 
10 Certain Coimercial Cutting Tools 



Cutting Tool 


HSA 


[18*5 kg 
load] 










6.1 


HC6 




19.4 


5.1 




94. S 


19.1 


4.7 



Referring to these cosnaarcial cutting tools, the 
cutting tool is soldi by Creenleaf Corporation of 
Saegertown, Pennsylvania and has a compositioji of about 

15 25 volume percent Sic whiskers and the balance aluraina* 
The HC6 cutting tool is? sold by Wtk Cutting Tool 
Division of lf£K spark Plugs (USA) f Inc. of Farraington 
Hills, HicSiigan, and has a coispoeition of about 7® 
weight percent Tic end the balance alumina. The KOfO 

20 cutting tool is made by Kannaiaetal Inc. of L&trofoe, 

Pennsylvania and has a composition of about 70 volume 
percent alumina and 30 volume percent Tic. Bach of 
these composition® asay also contain minor amount© of 
sintering aid. 
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It is an object of the invention to provide 
am improved ceramic cutting tool, and a composition 
thereof # that has whisker rainforcesient, 
S It is still another object of the invention, 

to provide an improved ceramic cutting tool* stud a 
coasposeitiosfc tSmaof . that has ceramic whisker 
reinforcement herein the ceramic matrix includes about 
50 voltime percent of one or ®or© of the cgurbides, 

3.0 nitirides ai*d/ar carboraitrides of titanium, hafniTsa 

fceolybderrom, sircaniOTij tantalmn f niobium, vaaadims 
ajad/or tungsten* 

xt is another object of the indention to 
pxwid© sita iaprcwed ceratiic cutting tool* and a 

15 cosipo&itlori thereof, that ha© ceramic whisker 

reinforcement wherein, the ceramic matrix includes about 
so voluosse perceat of osse or j&ore of the carbide©; p 
nitrifies and/or carhonitridaa of titanium, h&fttitam, 
solybdiemm, sircoitimitj, tsmtalTam, niobiuaa, vanadium 

20 and/or timg^ten, and optionally, the sttxbatrate further 
includes one or mors p&rtical&tes of altrmista, silicon 
aarbide oir the bog-ides of titaniim, ssiroani^aa or 
hafnium. 

Xt is still another object of the invention 
2B to provide »ft improved cer&saie cutting tool, asid a 

cojaposition thereof f that hats ceramic whisfter 
reiiif OTCemeitt wherein the whiskers include osae of 
altmina, silicon carbide, or the carbides, nitrides, 
horid€&s or carbonitrides of titanium, zirconium or 
30 hafnium. 

Xt is another object of the indention to 
provide an improved ceramic cutting tool, and a 
cojapositiosi thereof, that has ceramic whisker 
reinforcement wherein the ceramic usat^risr includes about 
35 50 volume percent of One or more of the carbides* 

nitrides and/or csrbonitrides of tit^iusn f hafnium, 
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molybdenum, gircwnissa, tantaliam, niobiim, ^rasta&issm 
and/or tungsten, and optionally, the sub#trat«e further 
includes one or More particulate of alrasina, silicon 
carbide or the borid©© of titanium, sirconium or 
5 Srafniiesm. The ceramic whisker© include or sor« ©f 

alumina r silicon carbide, silicon nitride, boron 
carbide, or the carbides, nitrides, borides, or the 
carbonitrides ©£ titanium, 2irc©nin» or hafnium rf or the 
©xidas of zirconium or hafnium* 

10 in one form tii&reof , the invention is a 

eeassposition produced by the consolidation of a blend of 
starting components, The composition casspri&sss a matrix 
which comprises one or more of the carbides r nitrides 
and csarbonitrides of hafnium, molybdenum, sirconium, 

15 tantalum, niobium, vanadium ff titanium, tungsten and 
solid solutions thereof in an amount that is greater 
than 50 volume percent of the matrix- The matrix 
further includes sintering aid residue present from the 
use of one or more sintering aids as a starting 

20 component in an amount of le@© than or equal to 1 

weight percent of the starting opponents. Efae matrix 
caasprises b&t*raen SO and 99*8 trolume percent of the 
composition* The eouaposition further include® ceramic 
whiskers uniformly dispersed throughout the «satrix 

25 herein the ceramic whiskers comprises between 0,2 and 
40 volume percent of the eoraposition* 

In another farm thereof , the invention is a 
ceramic cutting tool that comprisee a rake face and a 
flanK: face. There is a cutting edge at the juncture of 

30 the rales* face and the flank face* The tool includes a 
caramia coaapo&itian that has a matrix comprising 
featanten about 45 volume percent and less tHan 50 volume 
percent of titanium saolybdenum carbide, and less than 
about 55 volume percent alumina- 3?fae matrix comprises 

35 between about €0 voltm** percent and about 90 volume 
percent of the ceramic composition. Th& composition 
further includes oeranic whi^fters uniformly dispesrsod 
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tiiroughcmt the ssatriac therein tl»« cer&saic whisker© 
comprise about 2 volime percent to abwat 35 volmifee 
percesrt of the ceramic composition. 

5 !£he following is a brief description of the 

fi^ores that comprise a part of this patent 
applications 

FIG, 1 is an isometric viaw of a catting 
insert that comprises a specific emfcodimeiit of the 
xo cutting tool of the present iravmitismy smA 

FIG. a is a scanning electron microscopy 
(SEM) secondary electron imag© photomicrograph (50QQX 
magni^icatiosij of a hot-pressed composite in accordance 
with the present inversion corresponding to Example 2 
is herein showing a polished plans perpendicular to the 

hot preesisso; aicis; 

FXG, 3 is a scanning electron, microscopy 
(SSM) secondary electron iisisugfe photoad.crograph (2000X 
magrsii f ication) of a. hot^preissed ooiaposit^ in accordance 
210 with the present iswemtioira corresponding to B^assple. 4 

herein &tem?±ng a polished plam perpendic^ar to the 
hot pressing axis; 

FIG. 4 is a iscaiming electron microscopy 
(BEM) secondary electron image photomicrograph (2000X 
25 magnification) of a hot-pressed coaaposite in accordance 

with the present invention corresponding to Example 6 
herein showing a polished plane perpendicular to the 
hot pressing axis; 

FXG» S is a grsph of depth of cat notch wear 
30 as a function of crattisag time £&x embodiments of the 

present invention as well as a prior art composition; 

FIG. 6 is a graph of flank wear as a function 
cf cutting time for embodiments of the present 
invention as well as a prior art composition ? and 
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FXG- 7 is a graph of nose wear as a function 
of cutting time for ei8toodIme2it& of the present 
invention as well as a prior art co^osition* 

5 The indention pertains to ceramic 

compos it tan® , and especially, ^ach ceramic ccflfipasitions 
that include ceramic whisker r&inf orc«®*ent * G&ft&rally 
spea3cinsj the ceramic cutting tool comprises a ceramic 
matrix and ceramic whiskers which r&infcrc© the usatriuc. 

10 The combination ©£ the patriae and the whiskers 

comprises a substrate* The siabstrat© may he coated with 
a hard material* Examples of such hard materials 
include alumina r titanium carbide, titanium nitride, 
titanium carbon itride , titanium alumirrcgrn nitride , cubic 

15 boron nitride asid diamond and their caaibination©. The 

coating may be applied by chemical vapor deposition 
(CTO) [see U.S. Patent Ro* 4,801,510 to Mtehrctra et al* 
far AOMIHA COATED SXXXCOSf CARBIDE WEXSmR-AUMmA 
COMFOS1TXOM] or phy^Ao&l vapor deposition (WWB) [®e«& 

20 U»£* Patent Mo» 5,264,297 to Jindal efc al. for Pinfsxc&x* 
V&FGR DEPOSITION OF TX'E&WXOSf HlT&IDE OH A MCHOOHDUCTXVK 
SUBSTRATE] or a scheme where soie layers ar@ applied by 
HD and some layers are applied by CWD U, S* 

Pat«ant No. 5 , 232,318 to Saothanaaa et al. for COATED 

25 cottxmg toOjL&j . The substrates that have a high 

titanima carbide or titaniiasa caEfaonitride content, 
i.e., at least 25 to 30 vaium& percent titaniim carbide 
or titanium carbcnitri&e # axe electrically conductive 
to sucfti an extent that they are particularly suitable 

30 for FTO coating and >dh siachining* 

The specific matrix of the present Invention 
comprises a carbide , osrbcnitrid^ and/or nitride of one 
or sacra of titanium, haffciuia, molybdeni^fl, sgirccniusE, 
tantalum, niobium, vanadiutt and/or tungsten so that 

35 this component is about SO vqluaie percent or mare of 

the matrix. 
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the reason -tibial: tbe preferable content: for 
the eaxbifep nitride, e&rfeonitride component is wer SO 
wliMe peroent of the matrix I© that this provides for 
higher hardness and a higher fracture toughness© - Xn 
5 thi& regard, wh&n the carbide* nitride, c&rboraitri&e 

component is over SO ^ol*»e percent: of the matrix, the 
fracture toughness is greater than or eepi&l to 6*3 
MFaES^/ 5 &xc* aiMi more preferably greater than or aqaal 
to 6-© mfW 31 / 2 Kjc* »w* the hardness© is greater than or 
10 es$i*al to 94*7 Rockirell A. *Eh© combination of the high 

hardness and the high fracture toughneee msOce© these 
eosabinations suitable for use as ratting tools* 
bearings # seal rings f wear plates and nozzles, 
IB addition, the matrix isaay include 
IS participates of silicon carbide f titanium boride, 

girconium boride* cferotni-ma boride, bafniim boride p 
altmina, isiraoniim oxide, and Kafeimi oxide along with, 
sintering aid residues. The preferred oontent of the 
sintering aids* is less than or equal to 1 weight 
20 percent, and the more preferable sintering aid content 

is less than or equal to ,5 weight percent • The 
preferred sintering aids include yttria, magnesia and 
slroonia either alone or in combination « 

*1?he matrix comprises between SO and 99 -S 
2S volnsne percent of the complete ceramic cutting tool 

coiaposition. 

In regard to the ceramic whiskers, these 
whiskers- are selected -from any of the following 
materials: silicon carbide* titanitm carbide, titanium 
30 carbonitride, titaniun nitride , titaniixm boride* 

giroonium carbide f zirconium carboni tr ide t zirconium 
nitride e zirconium bori&e, hafnium carbide f hafnium 
nitride # hafnium carbonitride, hafnium boride, alraoina, 
silioon nitride and boron earbi&e. The ceramic whiskers 
3& casBpriss* between 0*^ and 40 volume percent of the 

cosaplete ceramic cutting tool composition. 
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To m&xisaisie fracture toughness- Ian the present 
invention, it; is pra£e$rred that a Group XVB (titanium, 
haf nixm ©r sirconium) nitride or carbonitride-based 
matrix, mormi preferably a tit&nitam nitride or titanium 
B c&rbonitrid^~bas@d matrix, fee reinforced with one or 
vhisfcers of the grotap consisting of A1 2 0 3# S 131*4, 
T1&2* sic * Tic * ^ d B 4 C. Th& Tin 2f SiC or B 4 C 

Visiters should provide the best t raeture to^ghnessis* in 
at titanium nitride or titanium carbonitride-based 
id saatriac* 

Referring to FIG. X and the geometry of the 
specific embodiment, there is illustrated a cutting 
tool generally designated as 10. Cutting tool 10 h&s a 
rate® face 12 and a flank face 14- me rak© face and the 

15 rianlc face intersect to form a cutting &dge ifi H !S?he 

specific configuration is a SffGM~453T style of catting 
insert with & T land according to the Anerloan National 
Standard for Catting Tools-indexable inserts- 
Identification Systems* ANSI B212-4-1&B6 (catting edge 

20 preparations -002-*0®4 inch x chafer) . Other 

stales of cutting inserts and edge preparations are 
acceptable and aire contemplated to within the scope 
of this iw&ntion. 

As deuwnstrat^d from the examples below ^ 

25 ceramic cutting tool© within the above definition have 

excellent density, hardness and fracture toughness* 
These properties provides for excellent cutting tools, 
especially in the high- speed imchining of steels # e&sst 
irons , and nickel -base super alloys- 

30 in machining applications where abrasive wear 

resistance is more of a concern than chemical wear 
resistance f a titanium carbide-based matrix is 
preferable.. If, however, chemical wear resistance is 
more important than abrasive wsar resistance F them a 

35 hafnium c&rbide-*ba&ed or titanium c&rbonitrideHbased 

m&trias is pref&r&ble- Chemical wear resistance may also 
foe improved by applying a hard coating to the insert 
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such as, for example, titanium nitrida, titanium 
c&rbonitr ids r titanium altaraintzifi 'nitride , titanium 
carbide * and alumina* 

For machining of nickel base super alloys * or 
S for any workpiace in which a ccsmbination o£ high 

fes&rdness and bigh chamlQal inertness is desired f it is 
preferred that a titanium carbonitride {TiC^ My) busied 
matrix be nsad in which x is greater that 0 but less 
than 0.95 and y + x = 1- Mar^ preferably ^ y is greater 

10 than or equal to 0.5, For x « o ff that is titanium 

nitride, hardness may be reduced @nd there may be a 
reaction b&tva^n the titanium nitride and the SiC 
whiskers during the high temperature fabrication o£ 
thas© isaterials- Tfctsrefor**, y sbouliS be las® than 0*95. 

15 Another range for x and y for titanium carbonitricte 

[TiCC^Hy) ] is y is less than 0*90 and greater than or 
equal to 0.55, and x + y » 1* Still another rang© for 
x and y for titanium carbonitrid^ £3?i C^x^y) J is y is 
less than 0«7S and greater than or @epal to o.6 # and 

20 x + y - 1* Optionally , titanium carbonitride may be 

replaced by hafnirans carbonitride or s&irconium 
oarbonit ride . 

The following examples, as described in 
Tables II through IV below, are ©xeaspl&ry ©f the 

25 invention aad were made according to the following 

matbod. For all of the ©xasapl&s, the silicon carbide 
whiskers were ultr&sonic&lly dispersed in isopropanol 
for one hour. 

For Examples Nos. l through 1 P 9 and 10, the 

3d silicon carbide whiskers were made by Toacai Carbon Co. 

of Tokyo, iTapam raider the designation Grade Ho. 1* The 
Tokai whiskers had an average length of 20 to so 
isicrosaeters and an average diameter of J to l 
micrometers* The crystalline structure of these Itokai 

35 sic whiskers was mostly beta silicon carbide* 

For Examples Mo&» 11 and Z2 P the silicon 
catrbidte whiskers: were obtained from Advanced Compos it« 
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Materials corporation of Greer P sos&th c&rolisie nn4er 
the <grade designation Th& whiskers bad to 

average length of 10 to SO micrometer© an avsr&g© 
diameter of 0-6 micnmeteras. ^?fee crystalline stnictoe 
5 of these SiC whislaers was alpha silicon carbide. 

In regard to -the method of preparation for 
KKaaiple^ Has* 1 through 7 and 9 through 12, the balance 
of the components were blessded in a Mill with 
isopropanol for one hour. TEbe Tsltra&onic&ted silicon 

10 carbide whiskers were then blended with the blond of 

the balance of the components in a Bill for 20 mimrtes* 
This blend was then discharged, through a 20<Q mesh 
screen r dried, in a rotary evaporator, and then passed 
through a 100 mesh screen* The dried blend must 

15 tmiaxi&lly hot pressed in a tei^erattsre range of 175 0 & C 
to 1B50°C at 4S0H psi for so mimates under mt argon 
atmosphere to essentially full density* ¥h& resulting 
product was ground, into a sm<sh-453T style of cutting 
insert having a f land* (cutting edgre preparation of 

20 ,002 to .004 inches and 20 decrees chamfer) a® 

described above. 

Tables II through IV below includes in 
parenthesis the identification of the supplier* if there 
was more than one stspplier of the component . fhe Y 2 0 3 

23 for all of the maniples was supplied by Hermann C« 

Stx&c& Berlin GmkM & Co P KG, P 0 Box 1329, 
X^auterbttrg, Baden r Germany* 

In Tables II through XV the silicon carbide 
whiskers supplied by Tokai carry the designation w (T) n , 

30 The silicon carbide lihiskers supplied by Advanced 

Composite Materials Corporation carry the designation 

For some of the examples # the AI2&3 was 
supplied by Hanophase Technologies Corporation of 
35 Darien, Illinois wider the designation Panoteic Al 2 o 3 
Ga^aiaL/Delt®, In Tables II through XV, the designation 
shows that the &X 2 0 3 powder wed obtained from 
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Hanophase. The Wanotek &X 2 °3 ponder- bad a ^KT specific 
surface area of 56,2 square *a©t©rs/gram* me AX 2 o 3 was 
greater ttran 99*9% pur©. The phases present ifsr^ delta 
and gamina- Par the example (Example No* 2) that used 
5 the Maiwstek Al 2 0 3 ponder, an addition of -05 ^olmsa 

percent: Mgo was added to the blend* The tfaiMtelc Al^o^ 
po$?der was substantially ©quiaxed. 

The balance of the examples u&ed &X2°3 fM 
several lots of powder that rasore supplied 

1Q Ceraloar (a division of Vista Ch4*aiic&l Company) tnsder 

the designation MFA~Q*5* X11 Tables XX tixrouglt XV the 
designation *(C} m shm*© that the A1 2 Q 3 was from 
csralox- Th& Ceralox powder had a EET specific surface 
area of 10*0 to 11*5 sgoare meters/grasu The as- 

1S received Cer&Xor &l2°3 contained an addition of -05 

voruiae percent MgO* The Ceraloar M-2°3 P«**«* was 
firafestatttially egiaia^ed. 

The Tic supplied by BiesterfeXd O-S, xnc« t 
Advanced Materials B^&rtsssesrb of New York, R«r Yorlc 

20 carried th© designation Furuk&ws* Tic, and had a BET 
specific surface area of 8*52 square meters/ gra^. 1b 
Table XX the designation *CF)«* ©hows that the Tic was 
Furukawa Tic The Fiarukawa Tic powder was substantially 
eqtiisosad* 

2s <X!he Tic particles supplied &y the M&cro 

Division of KerniasaetaX Inc. uitoter the designation Grade 
& had a specific surface area of 5.5 s^iare 
meters/gram- Xn i?abie XI the designation re (!f) w shoirs 
that the TiC came from the Macro Division of 

3D Kfeirauetal * The Macros Division TiC powder wa© 
substantially ©quiaxed. 

3?he ¥i 4 gMo„2 c solid solution powder supplied 
hy the Macro Division of Kennametal Inc. of Fort 
e&quitlaia, British Columbia , Canada had a. BET specific 

35 surface area o£ 4,6 square msters/grsm, the Ti -3 Mo -2 C 

solid solution powder wias substantially equi&^ed. 
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*Bm titanium carhonitride powder supplied by 
the Maero Division of RenmuBetal Xnc« had a EST 
specific surface area of 5*2 ssqa&re meters/gram* This 
component has a formula of TiG m7 ^ m3 - The M&cro Division 
5 titanium carbonitride pmtder w^s substantial ly 
eqttiaaeed* 

Tables II through XV b@l«w set forth the 
compositions {and supplier© vfaere indicated) and tue 
hat presssiE&g tes^er&ture* The coMpo^itions are set 

10 forth in volume percent of the entire composition* For 

those components that are a part of the snatris:, the 
volume percentage of the mtrix for that eojsapoiserat is 
set forth in brackets* For all of Examples 1 through 7 
and 9 through 12 the aJL^mlna oca^onesit contained about 

15 .05 velmite percent is&giiesia- 

Xn addition, Tables XX through XV below set 
forth the results of tests* to ascertain the fallowing 
properties of the examples e the density (gr&ass/cc) , the 
Reaksrell A hardness , the ¥ioScer& hardness, and the 

20 fracture toughness (MPsm^/ 2 J as measured by Evans & 

Charles (Evmsts & Charles p w Fractisre Toughness 
Deten:taatien by Indentation 11 r a 1 . American Ceramic 
Society r Vol* 59 ff $fo©« 7-8 # page© 371-372 using a IS. 5 
kg- load) » 
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TaJbl^ III 

TiC 4 7H^3*Ali»Biiui w Sic W&islt&r Composition 
anil Physical Properties of EssaaapXes Sl®&* 4 F 7 ff IX 

and 12 
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in the fraestmre toughness (K^c) ^rosa between 6*3 an<t 

A comparison of Essaisipie 9 with E&assple 10 
repeals -that: fractiire toughness E^ic3 increase© from 

5 fi.? to 7.2 MPam 1 /^ when the TiC and alumina contents 

disease and the sic whisfc&r content increases* 

deferring to the physical properties of the 
TiC #? H # 3^ali«5J»a-SiC i0hisker composites in Table XXE, 
it becomes apparent that th** um of tUte SC-9 silicon 

ID carbide whiskers from Advanced composite Materials 

Corporation provides for an increase in the fracture 
to*ighr*e&s of this TiCH-alnmiiia-SiC whisker* cossposite 
fma between 13*3 and 6-6 to 7-5 HPaaVZ. jattaragh the 
compositions are somewhat similar, the increase in 

is fraetare toughness appears to be due to the nature of 
the SC-9 whiskers a© compared to the Tokai silicon 
carbide whiBfcars. 

Referring to the examples {BxasspXes Ho&* 5 
and 6) of Tablfe IV that present the physical properties 

20 of the Ti „ s Mo w 2 C-aXimiixa~sic whisker composites, a 

comparison between Eacamples Mos* 5 and. 6 shows that a 
decrease of 5 to! time percent in the Ti^lto^c coupled 
with a 3 volnane percent increase in the alumina and a 2 
volume percent increase in the Sic whiskers does not 

25 make a significant impact on the properties of the 
Ti m 8 Mo ^ 2 C-Al 2 03~SiC %Aisker - oouposite. 

Overall* it can be seen that the above 
composites in accordance with the present invention 
posses© a cosabination of hardness and fracture 

30 toughness which are ^equaled by the prior art cutting 

tool compositions shown in Table I* 

Photomicrographs which are representative of 
examples of the oompgi&ition^ in accordance with the 
pr^ent invention are shown in 2, 3, and 4. In 

35 FX©» 2, which corresponds to fiacample 2, the lightest 

phase is alumina, the gray phase is titanium carbide, 
the elongated (or darkest) pha^e are silicon car-bide 
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^hisfeers, Xn fxg. 3 P ishich corresponds to Example 4, 
the lightest phase is also alumina amd the darkest: 
phase isss also silicon carbide whiskers, hcirever, the 
gray phase is tlt&niit® carbonitride* Ixs FXS, 4 S which 
5 cottNMponds "to E^a^pl® 6* the lightest and darkest 
phases are respectively alumiz&a and silicon carbide 
whiskers, however, the §ray phase is titaniiira 
isiolylsdissp™ carbide* 

In accordance With the present invention, the 

10 casmpo&iticsss of Examples x, 3* 4, 6, aisd 7 shown in 

tables XX were ground into Indexable cutting 

inserts and used to machine Xnconel 7 IS (hardness 38 
Rockwell C) in a turning test under the conditions of 
&00 swrfac© feet/mimite speed, 0,006 inch per 

IS resolution., feed rata,, aisd 0*050 inch depth of cut, 

flood coolant* and a 45 degree lead angle* The end of 
life criteria wsed was* flank wear (Ffir) - -030 inch; 
naximura flank wear (MW) = ,040 inch; nose wear (HW) « 
.040 iEtch? depth of cut notch (nr) *= *080 inch; and 

20 crater wear (CR} « .004 inch* Xnclnid^sJ in the tests 

were samples of wa-300 (Example B&* 8} in the same 
insert geometry for ceata^arison imrposes. The results of 
these test© are shown in Table v below and in FIGS. s e 
and 7- Each example is identified in FIGS. 5, 6 and 

25 7 by its identical reference numeral. These results 

indicate that the tools having a iaatri3£ based &n 
titanium carbonitiride or titianiim molybdenum carbide 
had the be&t cutting edge life time wider the above 
conditions. The Most rapid %rear iiechani©m and the wear 

30 mechanism which ic&ad to failure was depth of cut 
notching on all the materials shown in Table V. 
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Table V 
Tool Life & Failure Mode far 

E3W3sples Hos« 1, 3, 4, 6, 7 and 



Example 


(Minutes) 


Rep* Z 
{HxiuifcesO 


Average 


Tool Lif* 
VS. 1S$-300 


2 


5-8 m 




3.7 


7B% 


3 






2. a 




: 4 




8.9 OH 


SL3 


197% 


I * 




6.4 ft* 






7 


4.1 m 




5r„8 


123% 


8 


4-3 m 


5.1 DH 


4-7 





However r tbe flank wear re&i&tance of the present: 
5 Invention was less than that of the prior art grade 

tested- xt is believed that flank wear resistance may 
be improved by increasing the nitrogen content of the 
titanium c&rbonitride forming the matrix or increasing 
the molybd^tMSE content of the titanium molybdenras* 

10 carbide used in the Matrix- Flank wear resistance of 

the present invention may also be improved by applying 
a hard coating to the cutting insert composed of 
compositions in accordance with the present invention* 
Preferred hard coatings include titaniom nitride , 

IS titanium carbonitride, titanium aluminum nitride, and 

alumina eoatinga applied by POT? and/or CSFD techHiqu^s. 

The flank wear resistance of the prior art 
grade tested (Example Ho. 8/ appeared to be 

better than Examples Was. 1, 3, 4, 6 and 7. This may be 

20 dne to the greater alumina content in the prior art 

grade* More specifically, the prior art grade {Bxaasple 
No- 8/ WG-30Q) has* an alumina content of about: 75 
"¥oXtsrae percent as compared with about 35 to 40 volume 
percent for Examples Has. l r 3, 4, 6 and 7. Tim £l&nJc 

25 wear resistance of the present invention may be 

improved by the use of greater a^oonts of alumina or by 
decreasing the amount of silicon carbide whiskers 
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present; aiid increasing os*e or &ore of the jssatxix 
phases, e,g* , titanium c&rbonitri&e or aliraissa- 

All applications , patents and ©th<&r doosients 
re£ erred to herein are hereby incorporated fay neffirmcse 
5 herein* 

Other eEibodimeiits of the im^enticsn will be 
apparent to those skilled in the art frcm a 
consideration of the specification or practice of the 
invention disclosed herein - It is intended that the 
10 specification and escample^ be considered as 

illustrative only, with the true scope and spirit of 
the invention being indicated by the followieag claims . 
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HH3Kg XS Z&s 

X, A coss^sition produced by the 
consolidation of a blend of starting Qomposieiits ttse 
composition caiaprisi^gs 
5 a matrix coisprisirig ones or mare of the 

©azrbidesr nitrides and carbonitsridess of hafniun* 
ssolylbd®niim, tungsten, zirconium ^ tantalum, nioteiiw^ 
vanadium 9 fcit&niun, and solid solutions thereof in an 
esssotmt: that is greater than SO vol^sse p©r*£ent of the 

10 matrix, the matrix further includes winter irotr aid 

residue present from the use of one or moire sinter±ng 
aids as a starting coaspoixexit in an assomit less thasa «5 
weight percent of the starting con^aitoHnts wherein the 
sintering aid caig©rises one or snore of yttria, magnesia 

IS and gsircoraia, the matrix comprising between 60 asntd 99«S 

volume percent of the coaiposition ? and 

ceramic whiskers uniformly disperse 
tisrougliout th«* matrix, the ceramic whiskers comprising" 
betw&en 0*2 and 40 volwe percent of the composition* 

20 2* Itoa: cesffiposition of claim 1 wherein the 

ceramic whiskers are selected from one ©r mora of the 
following* alraaina, silicon carbide, boron carbide , 
silicon nitride, and the carbides P nitrides # borid^s 
and carbon! trides of titanium, air con iu^ and hafnium* 

25 3. Tte composition of claim 1 therein the 

matrix further incites ceramic particulates s&l«*crtad 
from one or more of the gproup con^i^tisng of silicon 
carbide, titanium bori&e,, zirconium horide, hafnims 
borid®, alimina, sirconiwn oxide and hafnium oxide. 
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4* Th& aampom^tian of claim 1 *rherei*i the 
aatriae coaaprise® greater than 50 v©Iime percent 
titaisirai earbonitride, smd the balance of the matrix 
comprising at. least 40 volraae parent alunina* 
5 5. The composition of claim 5 wherein the 

ceramic whiskers co«^irise silicon carbide whiskers # and 
the silicon carbide whiskers comprises afceut 2 volraae 
percent to shout 35 volme percent of the cosmos itlon. 

6* K*e composition of claim 5 wherein the 
10 ceramic whiskers comprise silicon carbide whisakers* emd 
the silicon carbide whiskers comprises between 10 
volume percent and 30 vclmae percent at the 
cdapas it ion * 

7* The composition of claim l wherein the 
IS saatris ccsspri^ee greater than 50 ¥olme@ percent 

titanium carbciftitride P and the Jbalimce of the matrix 
comprising less 'thaw 50 volime percent alumina » 

S* The composition of claim 1 wherein the 
matrix comprises greater than SO volrast© percent of 
20 titanium laolybdeiatsm carbide, and the balance of the 

patriae comprisingf at least 40 volume percent alumina. 

&. The composition c£ claim e wherein the 
ceramic whiskers consprise silicon carbide sshieskers* * and 
the silicon carbide whiskers cajsprisse ahout 2 voliame 
25 percent to aJ&out 35 ^olwme percent of the ecssfpositiosi- 

10* The coaB&po&itiosi of claim 1 wherein the 
ssatrix comprises <gpreater than SO volume percent of 
titaniiam nolybdeBUB carbide , ami the balance of the 
matrix comprifiijxg less than 50 volume percent alumina. 
30 11- A ceramic cutting tool comprising: 

a rake face; and a flank face, a cutting edge 
at the Juncture of the rake face asid the flank face? 

a ceramic composition having a aiatriac 
c^aniprising at least BQ volume percent of one or saQre of 
35 the c<axbi&es # nitrides aftd carJjonitridesi o£ hafnium, 
molybdeaiam, zirconium, tantalum, niobiioisi* v&sfcadium, 
tungsten, titanium, and solid solutions thereof* the 
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Mtrias: further inclines sintering aid residue present 
from the use of one or lore sintering aids ae a 
starting component; in an amositrfc less than .5 freight 
percent of the starting coa&ponent® wherein Z&m 
5 sintering aid comprises one or more of yttxia, magnesia 
and sirconia, wherein the matrix comprises between m 
and #9,8 voltme percent of the ceramic composition? and 

ceramic whiskers uniformly dispersed 
throughout the matrix wherein the ceramic whiskers 

XO comprise Mtwaeo 0.2 and 40 voltsaae percent of the 

ceramic callosities* * 

22. ceramic cutting tool ©f claim 12 

herein the ceramic whiskers are selected fresaai one or 
more of the following alsamina, silicon carbide P silicon 

15 nitride P boron carbide, or tlie carbides, nitrides 

bori&es or carbanitrides of titanium, zirconium or 
hafnium* 

13, The ceramic cutting tool of claim 12 
wherein the issatrix further includes ceramic 
20 particulates selected from one or more of tha group 

consisting of silicon carbide, titanima boride, 
zirconium boride* hafniiaffia boride, alumina f zirconiism 
oxide, and hafnium oxide - 

14* The ceramic cutting tool of claim 12 
25 further including a coating on the ralce face and the 

flank face* 

15, The ceramics catting tool of claim 15 
wh&r&in the coating comprises a layer selected from the 
group consisting of alumina, T±c ( TlM f TiCB and TiAlN* 
30 16. "Ehe ceramic cutting tool of claim 16 

wherein the layer is applied hy chemical vapor 
deposition, 

1?. The ceramic cutting tool of claim IS 
wherein the layer is applied tey physical vapor 
35 deposition* 
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IS* A ceramist composition produced fey the 
consolidation at a bl^nd of starting a©wp©ni&rats wherein 
t*ie ceramic coss^o&ition aam&r±&&&i 

a siatriK comprising erne or norm, of titanium 
5 nitride, titaniom carfeonitr id® f the carbides, nitrides 

and oarbonitrides of hafnium, molybdenum, niobium, and 
tungsten, and solid ©oliitions thereof in an aseount that 
is greater than 50 ttoIishs percent. of th© matrisc, and 
the matrix; comprising between SO and 99*8 -volume 
10 peroont of th& campoeit ion ? and 

ceramic whiskers uniformly disperse 
throughout the aatris:, the ceramic whiskers cossprisissg 
between ©»2 and 40 volume percent: &£ the composition. 

19* The composition of claim 19 wherein -the 
IS ceramic whiskers are s^l*&ct@d from one or more of the 
following alumina, silicon carbide, silicon nitride* 
boron carbide # and the carbides, nitrides r bar ides and 
e&rbonitrid&a of titanium, Eirconitam fend hmffeiunu 

20. The composition of claim 19 wherein the 
20 matrix further includes ceramic; particulates selected 

from one ov wot® of the grmap consisting of silicon ' 
carbide, titanium boz±<ta, sirconim borid®, h&.£n±xm 
tooride P chromiim bar id©, ali»ina P sirconitm oxide and 
hafnium oxide* 

25 21* Tha caaspositioii of claim 19 herein the 

matrix: further includes tituaniuna carbide and the 
carbide , carbonitrldes and nitrides of zirconium, 
tantalum atsd vanaditim? and the tai&trisc further includes 
sintering aid residue present from the use of on© or 

30 mora sintering aids a smarting exponent in 

amount of l&@s than or equal to X weight percent of the 
starting cewpon^snts 

22 » The composition of claim 22 wherein the* 
matrix comprises greater than SO volume percent 

3S titanium carbide, and the balance of the matrix 

comprising at lesist 40 volume percent alumina and 
Sintering aid residues* 
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23. Th& eos^position of claim 23 ^areiss ttie 
cerassic: whiskers comprise silicon carbide whisker©,, audi 
the silicon caxteide whiskers comprises between abesut 10 
volume percent and adbout 40 volume percent the 

5 crarapc^ition* 

24, Tbe composition of claim 22 wherein the 
sgatrije coisipri©e& greater than So volmae percent 
titanium carbide, and the balance o£ the matrix 
comprising less than 50 volume percent alumina and 

10 sintering aid resides. 

as. A ceramic cutting tool comprising* 
a rake face; and a flank face, a cutting edge 
at thjB juncttire of the ralte race and the flank face; 
a ceramic composition leaving a asafcrix 
15 comprising l*et*ft@*©n afeotst 45 voiune percent le®^ 

than 50 volume percent of titanium srolyhdennm carbide, 
and less than about 55 volusae percent alumina ? %ifaerein 
the matrix comprises between about so v©li&si<e percent 
and <&bout 90 volume percent of the ceramic composition $r 
20 &Dd 

ceramic whiskers uniforaly dispersed 
throughout the matrix wherein the eer&z&ic whiskers 
comprise about a volume percent to about 35 volume 
percent of the ceramic ceaaposltion. 
25 26- ^he ceramic cutting tool at claim 2€ 

wherein the matrix coeipris^s between about 55 volirote 
percent ana greater th&n about 50 valine percent of 
alumina. 

27. me ceramic cutting tool of claim 26 
30 wherein the ceramic whiskers comprise about 10 voitnae 
percent to about 30 volume percent of the oerapnic 
composition. 

2a • Tfee composition of claim 1 wherein one 
or more of the sintering aids comprises an aa&ount of 
35 less than or equal to ,3 might percent of the starting 
components*, 
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29, composition af claisi 5 wherein the 

tit&riiim carbonitiri^ has the formula Ti(c^W y ) wharain 
y is less fcjfoan *95 and greater thai* 0.5, and ac y « i. 

30* . !£he composition of claiais 5 wher&in the 
titanium c&rbonitri&e has the fomla Xi(c x My) wherein 
y is less than 0,90 ami greater Zh&n or equal to 0,55, 
and x + y ** 2U 

31, The composition of claim 5 Mnerei^ the 
titanium car^onitride has the formula Ti(C x S$y} wherein 
y is less than 0.75 and greater thai* or equal to 0,6, 
ami x * y * 1* 
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FIG. I 
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DOCN (INCH) 
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FLANK WEAR (SMCH) 
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